Introduction
Polyoxometalates (POMs), a well-known class of metal-oxygen clusters with an unmatched structural variety associated with a multitude of properties, have been attracting extensive interest in solid-state materials chemistry [1 -16] . The decoration of POMs with transition metal complex moieties and/or various organic groups provides a powerful method for structural modification and for the synthesis of novel organic-inorganic hybrid materials that combine the features and properties of both subunits. So recently, much work has been carried out on the synthesis of novel organic-inorganic hybrids based on POMs. Due to Keggin POMs' unique structure and properties, a large number of systems covalently modified by transition metal complexes could also be presented. However, in the vast amount of reported work so far, few examples have involved transition metals as heteroatoms [17 -20] . So the synthesis of hybrids based on Keggin POMs with transition metals as heteroatoms is a significant and formidable challenge.
Currently, hydrothermal techniques have proved to be invaluable for the synthesis of almost all kinds of 0932-0776 / 10 / 1200-1445 $ 06.00 c 2010 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com important materials, in particular materials based on POMs with transition metals as heteroatoms. We have been focusing on the modification of POMs by metalorganic coordination polymers recently, and have empirically synthesized a dozen of TM cation-modified POMs [21 -25] . During this study, our group reported six compounds based on Keggin POMs with transition metals as heteroatoms [26, 27] , which suggested that surface activation could be achieved by replacing the metal centers with high oxidation state by those in a low oxidation state, i. e. Si/P→Co/Zn/Cu. As a part of our recent research work on the multi-grafting modification of POMs, we attempted to explore solid materials based on POMs with transition metals as heteroatoms.
On the basis of the above considerations, and to enrich the modifying chemistry of Keggin POMs, we synthesized a new organic-inorganic hybrid based on Keggin POMs with cobalt as heteroatom, [Cu(I)-(2,2 -bipy) 2 
Results and Discussion

Crystal structure of the title compound
The title compound ( Fig. 1) bonds, W-O b/c bonds and W-O a bonds, and fall in the ranges of 1.662 (13) [3] , S = exp[∑ -(R-R o )/B] (S = bond valence, R = bond length; R o and B are empirically determined element-specific parameters [30] ), the +2 oxidation state of the cobalt atoms and the +6 oxidation state of the W atoms are deduced, while Cu(1) are in the +1 oxidation state, and Cu(2) and Cu (3) Previous investigations have shown that electronwithdrawing substituents or heteroatoms lead to a strong π···π interaction of arenes [31] . Aromatic nitrogen heterocycles as, e. g., pyridine and bipyridines are known as electron-poor ring systems as a result of the electron-withdrawing nitrogen atoms. Nitrogen heterocycles should in principle be well suited for π···π interactions because of their low π-electron density, so there should be extensive π···π interactions in the title compound. As shown in Fig. 2 3.3619; C19···C34 = 3.3871Å) to from a tangled helical chain along the c axis.
In the solid-state structure of the title compound, additional interactions play a role to stabilize the whole structure. As shown in Fig. 3 , neighboring helical chains are extended to layers via interactions like O5···C15 = 3.215Å. Furthermore, the isolated [Cu(bipy) 2 ] + cations and water molecules fix the layers together to form a 3D supramolecular structure via secondary interactions.
IR spectrum, TG analysis and XPS
As shown in mal stability, its thermal behavior was studied by TG-DSC. The TG curve of the title compound is shown in Fig. 5 . It exhibits three continuous weight loss stages in the range of 3 -800 • C, corresponding to the release of water and coordinated bipy molecules, which are followed by one weak exothermic peak at 400
• C and one strong exothermic peak at 530 • C in the DSC curve. The whole weight loss (24.5 %) is in good agreement with the calculated value (24.6 %). In order to confirm the oxidation state of the Cu atoms, XPS measurements were carried out (Fig. 6 ) The XPS spectrum exhibits two peaks at 932.25 and 952.34 eV, attributed to Cu + 2p3/2 and Cu + 2p5/2 [32] , and peaks at 942.69 and 962.98 eV indicating the prescence of Cu(II) ion, which is consistent with the coordination geometries of the Cu ions and the charge balance of the compound.
Cyclic voltammetry
To study the redox properties of the title compound, we used it as a modifier to fabricate a chemically modified carbon paste electrode (1-CPE) using its insolubility in water and most organic solvents. The cyclic voltammetry (CV) of 1-CPE was measured in the potential range from +1200 to −1200 mV in aqueous H 2 SO 4 solution at different scan rates, as shown in Fig. 7 . In the potential range, five quasi-reversible redox peaks appear, and the mean peak potentials E 1/2 = (Epc + Epa)/2 are -513, -747, -1079, 182, and +856 mV, respectively. The redox peaks I-I , II-II and III-III can be ascribed to three consecutive redox process of the tungsten atoms, and the redox peak IV-IV to the one-electron redox process of Co 3+ /Co 2+ , while the redox peak V-V is due to the one-electron redox process of Cu 2+ /Cu + . With the scan rate varying from 50 to 200 mV s −1 all peak potentials change gradually: the cathodic peak potentials shift toward the negative direction and the corresponding anodic peak potentials to the positive direction. The peak-to-peak separation between the corresponding cathodic and anodic peaks increases with increasing scan rate, but the mean peak potentials do not change on the whole. 
Conclusions
Experimental Section
General procedures
All reagents were purchased and used without further purification. K 5 [HCoW 12 O 40 ]·16H 2 O was synthesized according to the literature [29] and identified by its IR spectrum. Elemental analyses (C, H, and N) were performed on a PerkinElmer 2400 CHN Elemental Analyzer. Cu was determined by a Leaman inductively coupled plasma (ICP) spectrometer. The IR spectra were obtained on an Alpha Centaurt FT/IR spectrometer with KBr pellets in the 400 -4000 cm −1 region. The TG-DSC analyses were performed on a PerkinElmer TGA7 instrument in flowing N 2 with a heating rate of 10 • C min −1 . XPS analyses were performed on a VG Escalab MkII spectrometer with a non-monochromatized MgK α (1253.6 eV) X-ray source. The vacuum inside the analysis chamber was maintained at 6.2 × 10 −6 Pa during analysis. Cyclic voltammograms were obtained with a CHI 660 electrochemical workstation at r. t. Platinum gauze was used as a counter electrode and an Ag/AgCl electrode as a reference. Chemically bulk-modified carbon paste electrodes were used as working electrodes. 2 
Preparation of [Cu(I)(2,2 -bipy)
a R1 = Σ F o | − |F c /Σ|F o |; b wR2 = [Σw(F o 2 − F c 2 ) 2 /Σw(F o 2 ) 2 ] 1/2 , w = [σ 2 (F o 2 )+(
Preparation of 1-CPE
100 mg graphite powder and ca. 20 mg of the sample were mixed and ground together by agate mortar and pestle to achieve an even, dry mixture. To the mixture 0.2 mL Nujol was added and the paste stirred with a glass rod. Then the homogenized mixture was used to pack 3 mm inner diameter glass tubes, and the surface was wiped with weighing paper. Electrical contact was established with a copper rod through the back of the electrode.
X-Ray crystallography
Crystal data for the title compound were collected on a Rigaku R-axis Rapid IP diffractometer with graphitemonochromatized MoK α radiation (λ = 0.71073Å) at 293 K. The structure was solved by Direct Methods and refined by full-matrix least squares on F 2 using the SHELX crystallographic software package [33] . All the nonhydrogen atoms were refined anisotropically. The positions of hydrogen atoms at carbon atoms were calculated in idealized positions. The crystal data and parameters pertinent to data collection and structure refinement are summarized in Table 1 .
CCDC 714329 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from the Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
